Gastrointestinal (GI) bleeding commonly complicates anticoagulant therapy. We aimed to systematically review the published literature to determine the risk of thromboembolism, recurrent GI bleeding and mortality for patients on long-term anticoagulation who experience GI bleeding based on whether anticoagulation therapy was resumed. We performed a systematic review of phase III randomised controlled trials and cohort studies in patients with atrial fibrillation or venous thromboembolism who received oral anticoagulant. We searched MEDLINE, EMBASE and CENTRAL (from 1996-July 2014), conferences abstracts (from January 2006-July 2014) and www.clinicaltrials.gov (up to the last week of July 2014) with no language restriction. Two reviewers independently performed study selection, data extraction and study quality assessment. A total of three studies were included in the meta-analysis. The resumption of warfarin was associated with a significant reduction in thromboembolic events (hazard ratio [HR] 0.68, 95 % confidence interval [CI] 0.52 to 0.88, p < 0.004, I 2 =82 %). There was an increase in recurrent GI bleeding but not statistically significant for patients who restarted warfarin compared to those who did not (HR 1.20, 95 % CI 0.97 to 1.48, p = 0.10, I 2 = 0 %). Resumption of warfarin was associated with significant reduction in mortality (HR 0.76, 95 % CI 0.66 to 0.88, p < 0.001, I 2 = 87 %). This meta-analysis demonstrates that resumption of warfarin following interruption due to GI bleeding is associated with a reduction in thromboembolic events and mortality without a statistically significant increase in recurrent GI bleeding.
Introduction
Long-term anticoagulation is broadly used for numerous indications including venous thromboembolism (VTE), stroke and preventing systemic embolism from atrial fibrillation (AF) or prosthetic heart valves. Severe bleeding is an infrequent yet feared side effect of anticoagulant therapy. Gastrointestinal (GI) tract bleeding is a relatively common complication of anticoagulant therapy (1) (2) (3) . The risk of GI bleeding with long-term warfarin use is estimated to be 0.3-4.5 % per year (4, 5) . Varying definitions of GI bleeding across studies may contribute to wide range of bleeding rates (6, 7) . Concomitant use of antiplatelet agents (aspirin) doubles the risk of GI bleeding when compared to warfarin alone (4) . Moreover, the occurrence of anticoagulant (either warfarin, low-molecular-weight heparin or combination with antiplatelet drugs) related GI bleeding is associated with poor clinical outcomes and increased mortality (8) .
Supratherapeutic international normalised ratios (INRs) are observed in 56 % to 63 % of patients presenting with warfarin-associated GI bleeding (3, 9) . Initial management of such patients involves withdrawing and/or reversing the anticoagulant effect. (10) . However, a retrospective cohort study demonstrated that interrupting anticoagulants resulted in markedly increased risk of death and thromboembolic events, especially the in first 90 days (11) . On the other hand, another study reported that restarting warfarin within the first seven days of GI bleeding event was associated with greater risk of recurrent GI bleeding (7) . Patients with anticoagulant-associated GI bleeding are challenging given the competing risks for thromboembolic events and recurrent GI bleeding.
Once warfarin is interrupted, clinicians must decide whether to resume anticoagulants or not. This decision is based on two major factors: 1) what is the risk of thromboembolic events if patients continue withholding warfarin; and 2) what is the risk of recurrent GI bleeding if patients resume warfarin?
We aimed to systematically review the published literature to determine the risk of thromboembolism, recurrent GI bleeding and mortality for patients on long-term anticoagulation who experience GI bleeding based on whether anticoagulation therapy was resumed.
Methods

Selection criteria
Studies were included if they met all of the following criteria 1) Randomised controlled trials (RCTs) or cohort studies of adult patients (≥ 18 years) who received oral anticoagulants for treatment of VTE (deep-vein thrombosis [DVT] or pulmonary embolism [PE]) or for primary or secondary stroke and systemic embolism prevention due to AF or a prosthetic heart valve; 2) Patients were on a vitamin K antagonist or non-vitamin K oral anticoagulant [NOAC] (dabigatran, rivaroxaban, apixaban, edoxaban); 3) The study assessed how anticoagulants were managed (interruption or resumption) after the episode of GI bleeding; 4) The study reported thromboembolic events, recurrent GI bleeding and death. Co-prescribing of anti-platelet agents (aspirin or clopidogrel) was allowed. We excluded studies if results were not reported separately for patients where anticoagulants were and were not resumed. The primary outcomes were thromboembolic events (defined as a VTE, stroke, transient ischaemic attack [TIA] or systemic embolisation), recurrent GI bleeding and death from any cause. Recurrent GI bleeding was defined as the occurrence of visualised blood in vomit, gastric aspirate or stool or endoscopic evidence of recent bleeding.
Data sources and searches
Electronic searches were performed in MEDLINE, EMBASE and the Cochrane Central Register of Controlled Trials (CENTRAL) databases. The search strategy for MEDLINE is available in Suppl. Table 1 (available online at www.thrombosis-online.com). The search strategy was slightly modified for the other databases. Articles published from 1996 to July 2014 were eligible for inclusion. No language or publication type restrictions were applied.
A search for unpublished studies was performed in July 2014 using http://www.clinicaltrials.gov. We also searched abstract books (January 2006-July 2014) from the congresses of the European Hematology Association (EHA), American Society of Hematology (ASH), International Society on Thrombosis and Haemostasis (ISTH), American College of Cardiology (ACC), American Heart Association (AHA) and European Society of Cardiology (ESC). Reference lists of relevant articles were manually reviewed.
Study selection
Two reviewers (C. C. and C. H.) independently performed the study selection based on the defined inclusion and exclusion criteria. Disagreements were resolved by consensus or through discussion with a third reviewer (M. C.). The kappa statistic was used to assess the agreement between reviewers for study selection. A kappa value between 0.6-0.74 indicates good agreement and a value of 0.75 or more indicates excellent agreement (12) . The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement for reporting of systematic reviews and meta-analyses of randomised clinical trials was followed (13) .
Data extraction
Two reviewers (C. C. and C. H.) independently extracted study data using a standardised data collection form. Discrepancies between reviewers were resolved by consensus or by a third reviewer (M. C.). The following data were extracted from the included studies: study design, year of publication, population characteristics (number of patients, mean or median age and sex), therapeutic indication (VTE, atrial fibrillation, prosthetic heart valve), co-prescribing of antiplatelet agents, mean time in therapeutic range (TTR) during VKA therapy, definition of GI bleeding, follow-up length and outcome measures. Authors of included studies were contacted in order to obtain additional information when necessary.
Quality assessment
Two reviewers (C. C. and C. H.) independently assessed study quality. RCTs were assessed using the methods specified in the Cochrane Collaboration's Tool for Assessing Risk of Bias (12) . The Newcastle-Ottawa Scale (NOS) was used to assess the risk of bias in cohort studies (14) . This tool focused on the selection of participants between patients who resumed and who did not resume anticoagulant (4 items), comparability of the relevant risk factors of the outcomes and strategies of outcome measurement (2 items) as well as the adequacy of the follow-up period in the included studies (4 items). Each item was rated based on the risk of bias; a high score indicates low risk of bias.
Data synthesis and analysis
Primary analyses
Baseline characteristics of the included studies were summarised using descriptive statistics. Results were pooled to perform an overall comparison between patients who did and did not resume anticoagulation. We calculated a pooled hazard ratio (HR) and corresponding 95% confidence interval (CI) for the outcomes of thromboembolic events, recurrent GI bleeding and death using the generic inverse-variance method (12) . A fixed-effects model was applied to the analysis. A fixed-effects model was applied to the analysis in order to avoid small-study effect (small studies are weighted more in a random-effect model). P-values < 0.05 were considered statistically significant. Forest plots were created for each outcome. All analyses were performed using Review Manager (RevMan, version 5.2, Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2012).
Heterogeneity between studies in the pooled analysis was evaluated using the I 2 statistic (10). An I 2 of 0 % -40 % indicates minor heterogeneity, 30 % -60 % moderate heterogeneity and 50 % -90 % substantial heterogeneity. We did not conduct a funnel plot assessment for publication bias as there were less than 10 studies included in the meta-analysis (12) .
Subgroup analyses
A pre-specified a priori subgroup analyses was planned to explore sources of heterogeneity, namely the indication for anticoagulation (VTE, AF or prosthetic heart valve) and duration of anticoagulation therapy interruption.
Results
Application of the search strategies yielded 2,253 studies. After elimination of duplicate papers, 2,055 studies were screened based on their title and abstracts. Subsequently, 22 studies were selected for full-text review. Of these, six studies met inclusion criteria. Data were incomplete in four studies. Although every effort was made in order to obtain the data from the authors, only one study provided additional data. Therefore, for comparison of outcomes between patients who resumed anticoagulant and those who did not, only three studies reported complete outcomes including time-to-event data and were considered appropriate for inclusion in the meta-analysis (▶ Figure 1) . Agreement between reviewers before discussion with the third reviewer was excellent (kappa 0.79).
Study characteristics
All three studies were observational (3, 6, 7) (▶ Table 1 ). Warfarin was the anticoagulant investigated in all studies except Nieto 2008 (3), which included participants anticoagulated with warfarin, low-molecular-weight heparin, unfractionated heparin and thrombolytic agents. However, only the data from patients with warfarin-associated GI bleeding were selected for abstraction. Indications for anticoagulation included AF (two studies [6, 7] ), VTE (two studies [3, 6] ) and prosthetic heart valves (one study [6] ). Two studies (3, 6) included patients with multiple indications. Mean patient age ranged from 69.0 to 77.7 years across studies. Median duration of anticoagulation therapy interruption ranged from one to 50 days and median follow-up time was between three and 24 months. Antiplatelet agent co-administration was reported in three studies (3, 6, 7) , and was documented in 17 % -83 % of patients. The INR at initial presentation was only available from one study (3) and revealed that 63 % of presenting INRs were ≥ 3.
Study quality assessment
The major risk of bias was comparator group dissimilarity (see Suppl. Table 2 , available online at www.thrombosis-online.com). All three studies included in the meta-analysis (Nieto 2008 [3] , Witt 2012 [6] and Qureshi 2014 [7] ) compared patients who resumed warfarin and those who did not. In addition, patients not resuming warfarin in Qureshi 2014 (7) were more likely to have presented at the emergency department and be hospitalised compared to patients resuming warfarin. Likewise, patients not resuming warfarin in Witt 2012 (6) were significantly older than those who did. The follow-up period in the included studies ranged from three to 24 months.
Thromboembolic events
Thromboembolic events occurred in 96 of 970 patients (9.9 %) who resumed warfarin and in 146 of 889 (16.4 %) patients who did not (▶ Table 2 ). The resumption of warfarin was associated with a 
Recurrent GI bleeding
Recurrent GI bleeding occurred in 99 of 978 (10.1 %) patients resuming warfarin and in 49 of 892 (5.5 %) patients who did not (▶ Table 2 ). The increased rate of recurrent GI bleeding in patients resuming warfarin was not statistically significant when compared to those who did not (HR 
Mortality
Death occurred in 250 of 1,017 (24.6 %) patients resuming warfarin and 369 in 940 (39.2 %) patients who did not (▶ Table 2 
Discussion
Our results suggest that among patients receiving long-term warfarin therapy, resumption of anticoagulation following interruption for GI bleeding may reduce the risk of thromboembolic events and mortality without significantly increasing the risk for recurrent GI bleeding. We could only perform a pooled analysis on three studies due to insufficient clinical data reported in the original six papers.
Bleeding during anticoagulant therapy is common. The AF-FIRM study reported bleeding attributable to warfarin in 21 % of patients (15) . Management of bleeding includes interrupting anticoagulation therapy in many patients. A large prospective registry involving 17,368 patients with acute VTE found that 69 % of those experiencing major bleeding interrupted anticoagulation (3). Interrupting anticoagulation therapy can have undesirable consequences. Thromboembolism or death after interruption of warfarin occurred in 8,255 of 48,989 AF patients in a retrospective cohort study in Denmark (11) . Another study reported a rate of stroke or systemic embolism of 0.41 % per month in patients who temporarily interrupted (3-30 days) anticoagulant therapy (16) .
Our study demonstrates that warfarin resumption following GI bleeding is associated with a significant reduction in risk of thromboembolic events -however, there is considerable heterogeneity in the pooled estimate (I 2 = 82 %). We planned to perform an a priori subgroup analysis based on the hypothesis that the source of heterogeneity might be differences in participants and interventions; however, we were not able to retrieve sufficient clinical data from the original articles to confirm this hypothesis. The more pronounced reduction in thromboembolism and death observed in There was little data to inform analysis of the optimal timing of warfarin resumption; however, a sub-analysis of Qureshi 2014 revealed that the decision to restart warfarin sooner (less than 30 days after an episode of GI bleeding) was associated with lower risk of thromboembolism and death when compared to a decision to restart later (7) . Unfortunately, our present study is not able to draw conclusions according to the optimal timing of anticoagulant resumption.
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The percentage of patients experiencing recurrent GI bleeding was numerically higher in patients resuming warfarin therapy. However, the HR point estimate of the increased risk in the pooled • Gastrointestinal (GI) bleeding is a common complication among patients who receive long-term treatment with warfarin.
• Interruption of warfarin following GI bleeding has been shown to result in increasing risk of death and thromboembolic events.
• Resumption of warfarin following GI bleeding may be associated with increased risk of recurrent bleeding.
What does this paper add?
• Pooled analysis of relevant studies confirms that resuming warfarin following GI bleeding is associated lower risk for thromboembolism (32 % relative reduction) and decreased mortality (24 % relative reduction).
• Resuming warfarin was not associated with a significant increase the risk of recurrent GI bleeding.
• Resuming warfarin therapy should be strongly considered for most patients following resolution of GI bleeding.
analysis was modest (20 % relative increase), and the confidence interval included up to 50 % relative increase, but also a 3 % reduction in recurrent GI bleeding. When compared to the much larger relative reductions in thromboembolism and mortality, these findings provide some reassurance that resuming warfarin therapy would be more appropriate strategy for many patients especially when the GI bleeding source has been identified and definitively treated (17) . Deciding to resume warfarin therapy becomes more challenging in cases where the bleeding source cannot be identified or is identified but cannot be definitively treated. High underlying thromboembolic risk (e. g. mechanical heart valves) may necessitate resuming warfarin therapy despite ongoing risk for recurrent GI bleeding. In appropriate patients switching to a NOAC may be considered; apixaban would be preferred in this situation as dabigatran and rivaroxaban have been associated with higher rates of GI bleeding than warfarin.
This review has several limitations. First, we were unable to perform planned analysis aimed at exploring potential sources of heterogeneity. Second, the meta-analysis was generated from only three studies investigating only warfarin anticoagulant therapy. Although we hoped to include studies evaluating NOAC-associated bleeding, our search strategies failed to find any relevant articles. Sub-analysis of the ROCKET AF study showed that the risk of stroke or systemic embolism in rivaroxaban-treated patients was not significantly different from warfarin-treated patients who intermittently stopped anticoagulation (HR 0.74 [95 % CI 0.36 to 1.50], p=0.40) (16) . Third, definitions of GI bleeding differed among the included studies and did not all conform to standardised definitions endorsed by the International Society on Thrombosis and Haemostasis, the European Hearth Rhythm Association, and the European Society of Cardiology (18, 19) .Therefore, risk of recurrent GI bleeding and physicians' decisions to resume anticoagulation may have been influenced by the severity of bleeding introducing a potential source of bias. Fourth, the optimal delay before resumption of warfarin treatment could not be defined due to wide variation across studies. Fifth, this review included only observational studies, which introduces several potential biases regarding the selection of patients that did and did not resume warfarin, comparability and outcome measures. Moreover, there might be confounders among participants who resumed anticoagulant and the outcomes. Finally, we did not have access to individual patient data limiting our ability to test for interactions between various subgroups, for instance, patients with concomitant antiplatelet use, non-steroidal anti-inflammatory drugs (NSAIDs) use, chronic kidney disease or the elderly.
In conclusion, the results of this meta-analysis of three observational studies indicates that resumption of warfarin therapy following GI bleeding appears to be associated with a significantly decreased risk of thromboembolic events and all-cause mortality. The non-significant 20 % increase in recurrent GI bleeding warrants further prospective studies in order to verify this finding and to better inform clinical practice. 
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